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[57] ABSTRACT

An automatic load-matching circuit for microwaves,
disposed on a transmission line between a signal source
and a load. Signal detection means for detecting a trav-
elling wave component and a reflected wave compo-
nent and for producing outputs corresponding to the
absolute value of reflection coefficient T, the cosine
products [I'| cos 6, and the sine product |I"| sin 6 for
controlhing an automatic matching means, which in-
cludes three matching elements, each having an adjust-
able short-circuit length, disposed on the transmission
line with a separation of odd number multiples of } of a
wavelength along the transmission line. The first and
third matching elements are connected such that in
response to a change in the short-circulating length of
one of the first and third matching elements, the short-
circuiting length of the other of the first and third
matching elements changes in a corresponding opposite
manner. The first and third matching elements are both
driven by either the cosine product output or the sine

product output, and the second matching element is
driven with the one of the cosine and sine product out-
puts which 1s not driving the first and third matching
elements.

3 Claims, 7 Drawing Sheets
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AUTOMATIC LOAD MATCHING CIRCUIT FOR
MICROWAVES USING MULTI-ELEMENT
MATCHING DEVICE

3
BACKGROUND OF THE INVENTION
a) Field of the Invention
The present invention relates to an automatic load
matching circuit for microwaves in various transmis- 0

sion lines such as, for example, waveguides, coaxial
tubes, and so forth. More particularly, it is concerned
with an automatic load matching circuit for micro-
waves using a multi-element matching device.

b) Description of Prior Arts

Industries require a particularly stable source of en- 13
ergy for the sake of the best possible quality control of
their products. Adoption of microwave power as the
source of energy in various industrial facilities exhibits,

In many cases, a special effect in comparison with adop-
tion of other sources of energy, hence its effective utili- 20
zation has been much expected. Such microwave elec-
tric power, however, has a very wide range of fluctua-
tions, and yet its fluctuations often take place abruptly.

It has been particularly desirable that such microwave
power be supplied stably during operation of the pro- 25
duction facilities to achieve the best quality control, for
which the so-called “load-matching” has been carried
out.

Heretofore, the load-matching in the microwave
band has been done by manual operations of three or 30
more stubmatching devices, E/H matching devices, and
so on, while monitoring the travelling wave power to a
load as well as the reflected power from the load, to

thereby adjust the load to the maximum point of the
travelling wave power with the minimum reflected 35

pOWEr.

With the manual load-matching operation as de-
scribed above, however, it is necessary that such fluctu-
ations in the load constantly be monitored so as to effect
prompt operation in response to the fluctuations, hence 40
such quick and accurate response to the abrupt fluctua-
tions in the load is very difficult. Due to this difficulty,
there has been a problem in the quality control such that
delay occurs in taking appropriate response at the
abrupt change in the load conditions. 45

In view of this, the present inventor has previously
proposed an automatic load-matching circuit for micro-
waves which carries out automatic load-matching as
mentioned above, as disclosed in published Japanese
Patent Document No. 63-15502 with which the in- 50
tended purpose has been met for the time being, al-
though there still remained a difficulty, among others in
that a zone of no matching still existed.

After the abovementioned proposal on the automatic
load-matching circuit for microwaves, there followed 55
improved circuits, in which E/H matching devices
were utilized as disclosed in published Japanese Patent
Document No. 63-264892 and No. 63-264893. These
circuits, however, also had a disadvantage in that the
circult construction was somewhat complicated. 60

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has as an object to provide a
further improved load-matching circuit which is capa- 65
ble of solving the abovementioned problems, and also
capable of achieving the automatic load-matching even
at the time of abrupt change in the load, thereby making

2

it possible to achieve a stable power supply at all times
and reahize the effective quality control of products.
Additional objects and advantages of the invention
will be set forth in part in the description which follows
and in part will be obvious from the description, or may
be learned by practice of the invention. The objects and
advantages of the invention may be realized and at-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.
To achieve the objects and in accordance with the
purpose of the invention, as embodied and broadly
described herein, the automatic load-matching circuit
for microwaves, disposed on a transmission line be-
tween a signal source and a load, of this invention,
comprises signal detection means for detecting a wave
component traveling into the automatic load-matching
circuit toward the load, for detecting a wave compo-
nent reflected from the load having a reflection coeffici-
ent I" and deflection angle 6, and for producing outputs
corresponding to the absolute value of reflection coeffi-
cient I', a cosine product |I"| cos 6, and a sine product
|I’| sin 6. The outputs of the signal detection means
control an automatic matching means, including three
matching elements, each having an adjustable short-cir-
cuitting length, disposed on the transmission line such
that distances corresponding to odd number multiples
of  of a wavelength along the transmission line separate
the matching elements from each other. A second of the
matching elements is disposed between a first and a
third of the matching elements. The first and third
matching elements are connected such that in response
to a change in the short-circuiting length of one of the

first and third matching elements, the short-circuiting
length of the other of the first and third matching ele-

ments changes in a corresponding opposite manner. The
first and third matching elements are both driven by
either the cosine product output or the sine product
output, and the second matching element is driven with
the one of the cosine and sine product outputs not driv-
ing the first and third matching elements.

In a second type of automatic load-matching circuit
for microwaves, the automatic matching means con-
trolled by the outputs of the signal detection means
includes two or more pairs of matching elements. The
matching elements of each pair are disposed on the
transmission line such that distances corresponding to
odd number multiples of about § of a wavelength along
the transmission line separate the matching elements in
each pair, and each of the matching elements has an
adjustable short-circuiting length. Each pair of match-
ing elements is connected such that in response to a
change in the short-circuiting length of one of the
matching elements in a pair, the short-circuiting length
of the other matching element in that pair changes in a
corresponding opposite manner. The two or more pairs
of matching elements are disposed on the transmission
line such that distances corresponding to odd number
multiples of about § of a wavelength along the transmis-
sion line separate the nearest matching elements in adja-

‘cent pairs. One of the pairs of matching elements is

driven by the cosine product output and the other of the
pairs is driven by the sine product output.
In a third type of automatic load-matching circuit for

‘microwaves, the automatic matching means controlled

by the outputs of the signal detection means includes a
pair of matching elements disposed on the transmission
line such that a distance corresponding to an odd num-
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ber multiple of approximately i of a wavelength along
the transmission line separates the matching elements of
the pair from each other. The matching elements, each
having a short-circuiting length, are connected in such
a manner that in response to a change in the short-cir-
cutting length of one of the matching elements in the
pair, the short-circuiting length of the other matching
element in the pair changes in a corresponding opposite
manner. A third matching element is disposed on the
transmission line between the pair and the load at a
distance from the nearest matching element of the pair
corresponding to an odd number multiple of 3 of a
wavelength along the transmission line. The pair of
matching elements is driven by the sine or cosine prod-
uct output and the third matching element is driven by
the sine or cosine product output not driving the pair.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWING

In the drawing:

FIG. 1 is a schematic circuit diagram for explaining
one example of a control voltage detection circuit,
wherein a four-probe method is adopted:

FIG. 2 is a graphical representation showing suscep-
tance variation characteristics of a parallel type match-
ing device, on the basis of changes in the short-circuit-
ing length;

FIG. 3 is also a graphical representation showing
reactance variation characteristics of a serial type
matching device, on the basis of changes in the short-
circuiting length;

FIG. 4 is a schematic circuit diagram for explaining
the first type matching device according to the present
invention:

FIG. 5 is a Smith chart showing variations in charac-
teristics of the first type matching device shown in FIG.
4, following movement of each short-plunger thereof:

FIG. 6 is an explanatory diagram of the first type
matching circuit;

FIG. 7 is a schematic circuit diagram showing the
construction of the second type matching device ac-
cording to the present invention:

FIG. 8 is an explanatory diagram for the operation of
the second type matching device shown in FIG. 7
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FIG. 9 is a schematic circuit diagram showing the 45

construction of the third type matching device accord-
ing to the present invention; and

FIG. 10 is an explanatory diagram for the operation
of the third type mtching device shown in FIG. 9.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, the present invention will be de-
scribed with reference to its preferred emboidments as
shown in the accompanying drawings.

According to the present invention, it is possible to
carry out the automatic matching by first obtaining, in a
detection circuit, a cosine product (| I"[ cos 6) and a sine
product (|I'| sin ) on the basis of a reflection coeffici-
ent vector I' of a load and its deflection angle 6, and
then driving a motor, etc. of matching elements in each
of the abovementioned matching device with both co-
sine and sine products as the drive voltages.

For extracting the reflection coefficient of a load,
there are various ways such as use of a multi-probe
method, a directive coupling circuit, and so forth. In
this particular embodiment of the present invention,
explanations will be given for this extraction by a four-

50

53
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probe method as an example. This method was used as
a direct viewing device for impedance measurement,
for which a reference may be had, for example, to
“Measurement of Micro-wave & Millimeterwave”, co-
authored by Bun-Ichi Oguchi and Masamitsu Ohta,
published from K. K. Corona, pp. 84 ~86. Of various
kinds of methods as described in this reference litera-
ture, the fourprobe method as shown in FIG. 1 thereof
1s adopted for the purpose of the embodiment accordin g
to the present invention.

In the ensuing examples, explanations will be given
with a rectangular waveguide as a transmission line, as
one embodiment of the present invention, although a
similar resulting effect will be obtainable with use of a
coaxial tube line, and others.

In FIG. 1, a reference numeral 1 designates a rectan-
gular waveguide, along which four probes 21, 27, 23and
24 are disposed at a space interval corresponding to } of
a wavelength in the waveguide. To the output sides of
these probes, there are respectively connected wave
detectors 31, 37, 33 and 3a. Assuming that the wave
detection characteristics are the square-law characteris-
tics, each output voltage Vi, Vi, Vj, V4, can be ex-
pressed in the following equations, with the wave detec-
tion sensitivity being K; the amplitude of incident wave
being Vi; and the reflection coefficient of the load in-

cluding a matching device 5, as viewed from the probe
21, being |I'| exp (j6):

2 2
Vi = K[|Vi] (1 4+ || + 2{T| cos )

2 2
Vay = K|Vi] (1 + T} = 2{T| sin )

2 2
Vi = K{Vi| (1 + i} — 2|T| cos 6)

2 2
Vo = K|Vi] (1 + |T| + 2|F| sin 6)

When V) and V3 are imparted to the input terminals of
a differential amplifier 4}, and V; and V4 are applied to
the input terminals of a differential amplifier 45, outputs
from both differential amplifiers 4, and 4>, Vc and Vs
respectively, are expressed by the following equations.

Ve=V1V3=4K|Vi|?|T"| cos 8

Vi=V3— Va=4K|Vi|2|T| sin 8

From the above equations, it will be seen that the out-
puts are proportionate to the cosine product Vc and the
sine product Vs. These outputs are applied, as the drive
voltage, to the two sets of matching elements in the
matching device 5, thereby performing the automatic
matching.

The matching element is constructed so, in FIG. 4,
short-plunger (short-circuiting device) 7 is Incorporated
in, for example, a serially branched waveguide provided
on the broad surface of the rectangular waveguide, or in
a parallel branched waveguide 6 provided in the narrow
surface of the rectangular waveguide, and this short-
plunger 1s shifted by an external electric motor 8.

FIG. 2 indicates a change in the input susceptance
b=—]) Yg¢ cot(2wl/=) when the short-circuiting posi-
tion is shifted in the parallel branched waveguide where
Y, 1s the admittance of the waveguide. That is to say,
when the short-circuiting length 1 is 1 of a wavelength
A In the waveguide, the input susceptance becomes
zero. On the contrary, when the short-circuiting length
becomes longer than { of the wavelength in the wave-
guide, the input susceptance becomes capacitive, and .
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when it becomes shorter than that, the input suscep-
tance becomes inductive with the result that it is added
to the load admittance.

Also, the shifting characteristic of the short-plunger
in the serially branched waveguide presents, as shown
in FIG. 3, an inductive reactance x with the insertion
length of from zero to } of a wavelength in the wave-
guide. Exceeding this range of insertion wavelength,
the shifting characteristic thereof indicates the capaci-
tive reactance x, whereby the equivalent reactance
becomes zero at a point corresponding to 4 of the wave-
length in the waveguide. If the insertion wavelength is
longer than § of a wavelength in the waveguide, the
shifting characteristic again indicates the inductive re-
actance. In this last case, the equivalent reactance is
added to the load impedance.

The above mentioned first embodiment of the match-
‘ing device is so constructed that, as shown in, for exam-
ple, FIG. 4, serially or parallelly branched waveguides
6 are attached onto the rectangular waveguide 6 at a
space interval corresponding to an odd number multiple
of approximately 3 of a wavelength in the waveguide,
and then three short-plungers 7 are each disposed in the
interior of each of the branched waveguides 6, thereby
utilizing them as the matching elements. Of these three
short-circuiting elements, the two at both ends are so
disposed that the short-plungers therein move 1in mutu-
ally opposite directions. That is to say, in the case of the
matching element disposed in the parallel branched
waveguide, since the phases of both short-plungers are
in approximately } of the wavelength in the waveguide,
the electric motors are wired so that one of the two
short-plungers moves in the forward direction and the
other moves in the reverse direction, and they are
driven with an output voltage of the cosine product or
the sine product. On the other hand, the electric motor
for the center matching element is driven with the other
output voltage.

F1G. 4 schematically illustrates the above-described
construction and operating conditions of the matching
device, in which the matching elements are arranged
from the side of a signal source in the sequence of S1,
S2, and S3, each being driven by the electric motors
M1, M2, and M3, respectively. In this constructional
arrangement, the motors M1 and M3, for example, are
driven with the sine product output voltage Vs, while
M2 1s driven with the cosine product output voltage
V¢, and shifting of the short-plunger S1 by the motor
M1 is in the direction opposite to the short-plunger S3.
Since these three matching elements are spaced apart
one after the other at an interval of } of a wavelength in
the waveguide, it will be seen from the Smith chart in
FIG. § that the short-plunger S1 moves on the line
extending from the center of the chart to the infinity
(o), while the short-plunger S2 moves on the locus
turned by 90 deg., on the chart, from the infinity point
(o) toward the signal source, and the short-plunger S3
further rotates by 90 deg. in the counter-clockwise di-
rection.

Now assume that these branched waveguides are in
parallel, that increase in the sine product voltage Vs
reduces the distance Islt of the short-plunger of the
matching element S1, while it increases the distance 1s3
of the short-plunger of the matching element S3, and
that the distance Is2 of the short-plunger of the center
matching element S2 i1s so set that it augments as the
cosine product voltage V¢ increases. In such instance,
the change in the susceptance each matching element
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due to increase in the cosine product voltage Vc ad the
sine product voltage Vs will be as shown in the follow-

ing Table, in reference to FIG. 2.

Increase in susceptance
Decrease in susceptance
Increase in susceptance

Increase 1n Is2
Decrease in Isl
Increase 1n 1s3

Increase in Vc
Increase in Vs
Increase in Vs

From the above Table, it is now assumed that, in the
detection circuit as shown in FIG. 1, the reflection
coefficient I'l of the load circuit including the matching
device was in the first quadrant of FIG. 6, and its nor-
malized admittance was (y=1.24j0.8). Since, in this
first quadrant, the cosine product |I'l| cos € and the
sine product |I'1| sin @ are both in the positive values,
the distance Isl1 of the short-plunger in the matching
element S1 decreases, hence the susceptance decreases.
Accordingly the susceptance moves on the circle of
g=1.2 in FIG. 6 in the decreasing direction from 0.8.
On the other hand, the distance 1s2 of the center match-
ing element S2 increases, hence the susceptance in-
creases. However, since the I'l point on the chart of
FIG. 6 is 1n the -negative susceptance region at this
matching element S2, it moves in the clockwise direc-
tion, 1.e., in the direction approaching the matching
point. In addition, by its rotation on the matching ele-
ment S2, the conductance also decreases from g=1.2 to
g=1.1.

In addition, the matching element S3 increases the
shifting distance 1s3 of its short-plunger by the positive
value of the sine product voltage Vs, hence its suscep-
tance increases. However, since the I'l point is in the
negative susceptance region for the matching element
S3, 1t is approaching the matching point, hence the
three matching elements cooperate to bring the reflec-
tion coefficient |I'1| to the matched point zero (0), i.e.,
(1+0).

Assuming also that the negative reflection coefficient
I'2 was in the second quadrant, and its normalized ad-
mittance was (y=0.54j0.4). In this instance, since the
cosine product |I'| cos 8§ <0 and the sine product | I
sin 8 >0, the distance of the short-plunger Is1 decreases,
hence the susceptance decreases. As the consequence,
the matching element S1 moves on the circle of g=0.5
In the direction where the susceptance decreases, i.e., in
the downward direction. Since the matching element
S2 is in the positive susceptance region, the distance of
its short-plunger 1s2 decreases as the cosine product
voltage V¢ decreases, hence the susceptance decreases.
Further, since the matching element S3 is in the nega-
tive susceptance region, the distance of its short-plunger
Is3 increases as the sine product voltage Vs increases,
hence the susceptance increases from the negative sus-
ceptance region, and the matching element S3 ap-
proaches the matched point. In this instance, the value
g also approaches to 1, as will be seen from FIG. 6, and
it finally arrives at the matched point of |I'| =0, i.e.,
y=1+4]0, following the movements of the matching
elements S2 and S3. *

Similarly, with respect to the load in the third and
fourth quadrants, these three matching elements start to
shift on their short-circuiting points at the same time
with two kinds of voltage, i.e., the cosine product volt-
age Vc and the sine product voltage Vs, thereby
quickly reaching their matched point.

In the second embodiment shown in FIG. 7, it is
assumed that the short-plungers 7 are each inserted into
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the parallel or serially branched waveguides 6 disposed
on the rectangular waveguide 1, at a distance corre-
sponding to an odd number multiple of 1 of a wave-
length in the waveguide, and the short-plungers are
shifted in the mutually opposite directions, in reference
to a pownt 1n the vicinity of the susceptance zero or
reactance zero, as the center of shifting. In this instance,
an immitance IM, viewing the load side at the point of
the matching element S1 to the side of the signal source
1s represented by the following equation, with the real
number part being “a” and the imaginary number part
being “b’:

1 —_ . a _ . 1
IM = — T jp =T T [ — ]
axjb 7 at + b J(az-i-bz )

This equation can be illustrated with a group of solid
lines, as in FIG. 8, wherein circles are stretched in its
upper and lower directions on the Smith chart. Further,
since a pair of matching elements S3 and S4, which are
closer to the load side by a distance corresponding to an
odd number multiple of § of a wavelength in the wave-
guide, is shifted by 90 deg., on the same Smith chart,
from another pair of matching elements S1 and S2, it
can be indicated by a group of dotted lines in FIG. 8. As
the consequence, when one pair of the matching ele-
ments are driven by the cosine product voltage and the
other pair thereof are driven by the sine product volt-
age, they can readily arrive at the matched point, i.e.,
(1+J0), since the change in both drive voltages and
both shifting points are all in a relationship of the right
angle. This is the function of the above-described sec-
ond embodiment of the matching device according to
the present invention.

In the same manner as mentioned above, the third
embodiment of the matching device according to the
present invention is constructed so that, as shown in
FIG. 9, the short-plungers 7 are each inserted into the
parallel or serially branched waveguides 6 disposed on
the rectangular waveguide, at a distance corresponding
to an odd number multiple of § of a wavelength in the
waveguide, and the short-plungers are shifted in the
mutually opposite directions, in reference to a point in
the vicinity of the susceptance zero or reactance zero,
as the center of shifting. In this case, the short-plungers
are shifted in the mutually opposite directions by use of
an inverting circuit 9 for one of the matching devices,
or by setting the shifting distance of the short-plunger
thereof at a value of K times (K < 1} from the standpoint
of its mechanism. With this construction, an immitance
IM, viewing the load side at a point of the matching
element S1 to the side of the signal source is represented
by the following equation, with the real number part
being “a” and the imaginary number part being “b”:

+x)

In this case, changes in the characteristics, when K is set
at 0.15, 0.2 and 0 3, passes through the point (1 + j0) and
are arranged substantially at the right angle with re-
spect to the diametral line (0~ « ) as shown in FIG. 10.
Accordingly, in the circuit of FIG. 9, where a third
matching element is disposed at a space interval corre-
sponding to an odd number multiple of } of a wave-
length in the waveguide, in comparison with the ar-

I.M —

L T jKp = =] $jb(

I
I = jb | + b2 | + b2
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rangement of these two matching elements, even those
small circles shown in dotted line in FIG. 10 intersect
with the characteristic curves having the wvalue of
K=0.15~0.3. Therefore, when one of the short-
plunger is shifted from its short-circuiting point by the
electric motor with the cosine product output voltage,
and the other is shifted with the sine product output
voltage, the automatic matching can be done over the
substantially entire region.

As has so far been explained in the foregoing, the
present invention has made it possible to provide an
automatic load matching circuit for matching over the
entire region. In more detail, by detecting the reflected
wave from the load circuit including the matching de-
vice, with which to find the cosine product voltage |I"’
cos 8 and the sine product voltage |I'| sin 8, it becomes
possible to drive, for examples, two sets of the multi-ele-
ment matching device, whereby the full automatic load
matching becomes possible. The response speed of the
matching device according to the present invention
indicated satisfactory results with respect to abrupt
changes 1n the load in its ordinary use. For instance,
when a load of VSWR 10 was connected to the match-
ing device at a frequency of 2.45 GHz, the matching
circuit using the abovementioned first, second and third
type matching devices could perform their matching
operation of VSWR 1.05 or less within one second. By
the way, it should be noted that similar result was ob-
tained even in a coaxial tube circuit having parallelly
branched matching devices.

Although, in the foregoing, the present invention has
been described with specific reference to the preferred
embodiments thereof, it should be understood that these
embodiments are merely illustructive of the present
mvention, and not so restrictive, and that any changes
and modifications in the circuit construction can be
made by those persons skilled in the art without depart-
ing from the spirit and scope of the invention as recited
in the appended claims.

We claim:

1. An automatic load-matching circuit for micro-
waves, disposed on a transmission line between a signal
source and a load, comprising:

signal detection means for detecting a wave compo-

nent traveling into the automatic load-matching
circuit toward the load, for detecting a wave com-
ponent reflected from the load having a reflection
coefficient I' and deflection angle 8, and for pro-
ducing outputs corresponding to the absolute value
of reflection coefficient I, a cosine product |I']
cos 8, and a sine product |I'| sin 6; and
automatic matching means controlled by the outputs
of the signal detection means, including three
matching elements, each having an adjustable
short-circuiting length, disposed on the transmis-
sion line such that distances corresponding to odd
number multiples of § of a wavelength along the
transmission line separate the matching elements
from each other, a second of the matching elements
béing disposed between a first and third of the
matching elements, the first and third matching
elements being connected such that in response to a
change in the short-circuiting length of one of the
first and third matching elements, the shortcircuit-
ing length of the other of the first and third match-
Ing elements changes in a corresponding opposite
manner, the first and third matching elements both
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being driven by one of either the cosine product cosine product output and the other of the pairs
output or the sine product output and the second being driven by the sine product output.
matching element being driven with the one of the 3. An automatic load-matching circuit for micro-
sine and cosine product outputs not driving the first waves, disposed on a transmission line between a signat
and third matching elements. 5 source and a load, comprising:

2. An automatic load-matching circuit for micro- signal detection means for detecting a wave compo-
waves, disposed on a transmission line between a signal nent traveling into the automatic load-matching
source and a load, comprising: circuit toward the load and for detecting a wave

signal detection means for detecting a wave compo- component reflected from the load having a reflec-

nent traveling into the automatic load-matching
circuit toward the load, for detecting a wave com-

ponent reflected from the load having a reflection
coefficient I' and deflection angle 8, and for pro-
ducing outputs corresponding to the absolute value
of reflection coefficient T, a cosine product |I'|
cos 8, and a sine product [I"| sin 8; and

automatic matching means controlled by the outputs
of the signal detection means, including two or
more pairs of matching elements, the matching
elements of each pair being disposed on the trans-
mission line such that distances corresponding to
-odd number multiples of about } of a wavelength
along the transmission line separate the matching
elements in each pair, each of the matching ele-
ments having an adjustable short-circuiting length
and the pair of matching elements being connected
such that in response to a change in the short-cir-
cuiting length of one of the matching elements in a
pair, the short-circuiting length of the other of the
matching elements in that pair changes in a corre-
sponding opposite manner, the two or more pairs
of matching elements being disposed on the trans-
mission line such that distances corresponding to
odd number multiples of about } of a wavelength
along the transmission line separate the nearest
matching elements of adjacent pairs, one of the
pairs of matching elements being driven by the
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tion coefficient I and deflection angle 8, and pro-
ducing outputs corresponding to the absolute value

of reflection coefficient I', a cosine product |I]
cos 6, and a sine product |I'| sin 6; and

automatic matching means controlled by the outputs

of the signal detection means, including a pair of
matching elements disposed on the transmission
line such that a distance corresponding to an odd
number multiple of approximately i of a wave-
length along the transmission line separates the
matching elements in the pair from each other, the
matching elements, each having a short-circuiting
length, being connected in such a manner that in
response to a change in the short-circuiting length
of one of the matching elements in the pair the
short-circuiting length of the other matching ele-
ment of the pair changes in an opposite manner,
and a third matching element disposed on the trans-
mission line between the pair and the load at a
distance from the nearest matching element of the
pair corresponding to an odd number multiple of }
of a wavelength along the transmission line, the
pair of matching elements both being driven by one
of either the cosine product output or the sine
product output, and the third matching element
being driven by the one of the sine product output

and the cosine product not driving said pair.
L * # % *
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